Xenotransplantation entails moving (i.e. transplanting) one or more organs (e.g. a heart or a kidney) from an individual of one species into an individual of another species. Since the 1980s a number of research groups have been attempting to genetically engineer domestic pigs so that their organs may be given to humans. From the perspective of applied philosophy, xenotransplantation is interesting because of the wide range of issues it raises. Is it necessary? Would it be safe? What are the animal welfare implications? Does it entail being disrespectful to non-human animals or involve violation of their telos or integrity? This paper cannot hope to provide definitive answers to all of these questions. However, it does aim to provide a map of the bioethical territory that needs to be traversed before such a set of answers can be arrived at.
I believe that such a map is now needed. There are several research groups actively been working in this field in a number of countries. Thousands of pigs genetically engineered with human genes have already been brought into existence and tens of millions of pounds have been spent in research. Since the research began, tens of thousands of people have died as a result of shortages of human organs for transplants. By the time this article appears, clinical trials of xenotransplants may have begun. 1 In any event, the first decade of the twenty first century of the Common Era is likely to see whether this technology becomes a regular feature of Western medicine or not.
One way of trying to decide whether any practice (e.g. xenotransplantation, prostitution, insider dealing, capital punishment) is acceptable is to examine all possible arguments for and against the practice within a single ethical framework. An obvious difficulty, though, is to decide which framework to adopt. There is little to be gained in applied philosophy in plumping for one ethical framework -e.g. consequentialism -when there still exists no widespread agreement as to what such an ethical framework should be or even whether one overarching one exists. The approach that is therefore taken here is to put forward, and briefly examine, appropriate arguments within a variety of possible frameworks. 2 As will become apparent, there are a considerable number of frameworks within which xenotransplantation can be examined. But first, some relevant factual information is needed about the biology of xenotransplantation, about its safety and about whether there is a need for it.
The biology of xenotransplantation
Immunology is a complicated subject. The long and short of it, though, is that each of us, in common with certain other animal species, has the physiological ability to recognise that our body and the organs therein are ours in a physical sense. The net result is that while our immune system (white blood cells, etc.) attacks foreign biological objects inside us, it does not attack ourself. The advantage of this is obvious. Disease-causing organisms (e.g. viruses, harmful bacteria) can be attacked and destroyed without the body turning against itself.
The immune system can misfunction in various ways. For example, it may over-react to foreign bodies. This is what happens with allergies. In the worst case, such over-reaction can cause death (e.g. the fatal shock experienced by some people on eating nut products or being stung by a bee/wasp). The other main way the immune system can misfunction is by starting to attack parts of its own body. This seems to be what happens in a number of chronic diseases including rheumatoid arthritis.
It is because the immune system normally works so effectively that people receiving human-tohuman transplants generally have to be given large doses of immunosuppressive drugs. As their name implies, these drugs suppress the immune system and so prevent it from rejecting the transplanted organ. Unfortunately, patients with suppressed immune systems are less able to fight off germs though with the latest generation of immunosuppressive drugs this is now less of a problem.
When it comes to transplanting non-human organs into humans, an extra difficulty arises. Within hours of the transplant, even if immunosuppressive drugs are used, so called hyperacute rejection sets in and the transplant fails. It is to try and overcome this problem that pigs are being genetically engineered to carry a single human gene. This gene results in the pigs producing a human protein on the surface of their internal organs. As a result, it is hoped that when these organs are used in transplants, hyperacute rejection will be avoided.
Would xenotransplantation be safe?
A number of national and international ethical committees as well as individual scientists have looked at the question of xenotransplantation.
3 . One of the particular foci of concern has been the issue of safety. We know that pigs carry what are called porcine endogenous retroviruses (engagingly abbreviated as 'PERVS'). In the light of BSE and AIDS it is unsurprising, and encouraging, that there is tremendous hesitancy in allowing any scientific/technological procedure to go ahead that might lead to new human infections.
The current (November 1999) position in the UK is that if (and it is a big 'if') xenotransplants are allowed, the safety requirements will be stringent. In particular, there is a great deal of work going on to reduce to near-zero levels the chance of any infectious agents, such as viruses, passing as a result of transplants from pigs to humans. The United Kingdom Xenotransplantation Interim Regulatory Authority is proposing that anyone receiving a xenotransplant must agree to provide lifelong post-operative compliance with a whole set of conditions including: (a) use of barrier contraception; (b) refraining from pregnancy / fathering a child; (c) allowing the relevant Health Authorities to be notified when moving abroad. In addition, all household members and sexual partners will need to be seen pre-xenotransplantation to ensure they are informed about possible risks, how to minimise them, and to have baseline blood samples taken for indefinite archiving. 4 Some recent research suggests that the chances of porcine endogenous retroviruses passing from pigs to humans may be low. Perhaps surprisingly, world-wide there are several hundred people who have already been treated with various living pig tissues. Most commonly this has been done when a patient's blood is passed through a pig liver or spleen to 'clean' it -the pig organ remaining outside the patient's body. A careful study has shown that in none of the 160 patients who had been treated with a living pig tissue and from whom samples could be obtained was there any evidence of pig-to-human transmission of porcine endogenous retroviruses. This was the case despite the fact that 23 of the patients had living pig cells inside themselves, in some cases for over eight years.
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Of course, this study does not prove that pig viruses won't infect humans but it does suggest that the likelihood is lower than many experts had feared. What is still unclear is how serious the consequences would be if such infection(s) did occur.
Is there a need for xenotransplantation?
World-wide there are approximately 150 000 people waiting for an organ transplant. 6 Each year many thousands of people have their lives saved as a result of human-to-human transplants. However, each year many thousands of people die who would have lived had they received a transplant. Indeed, the majority of people waiting for a transplant never receive one. The purchase of human organs -a market-led 'solution' to the shortage -is, by-and-large, illegal. The qualification 'by-and-large' is necessary as some countries permit the sale of human eggs, sperm and blood. None, though, to my knowledge, allows the purchase of organs for transplants. Nevertheless, there are not infrequent reports in the media of organs being offered for sale and/or bought for transplants. In one case, US$5.7 million was apparently bid during an online auction of a human kidney before the auction was halted. 7 The original advertisement read:
'You can choose either kidney ... Buyer pays all transplant and medical costs. Of course only one for sale, as I need the other one to live. Serious bids only.'
The reason that most people waiting for an organ transplant never receive one is simply that there aren't enough human organs to go around. There are three main reasons for this. First, the number of people who would benefit from a transplant continues to rise. In part this is because of advances in transplant surgery which mean that more organs (e.g. lungs) can now be transplanted than used to be the case. In part, too, this is because a greater range of medical conditions can now be treated by transplantation than used to be the case.
A second reason why there aren't enough human organs to go around is that only a very small proportion of deaths result in organs that are suitable for transplants. Deaths from motor vehicle accidents provide a high proportion of suitable organs, yet, thanks to improvements in road safety (seat belts, improved car design, better road layouts, greater use of motor cycle helmets), the number of people killed in such accidents is reducing in those countries -i.e. the Westwhere transplant surgery is numerically significant.
A final reason for the shortage of human organs is that many countries have some sort of 'opt in' rather than 'opt out' system for organ donation. This can mean that for a transplant organ to become available (a) the dead person needs previously to have expressed a wish for their organs to be used for transplantation; (b) a doctor must ask relatives to consent to this; (c) no close relative must object to the transplant.
Of course, the question 'Is there a need for X?' cannot be answered simply by demonstrating a use to which X could be put. The use must be deemed appropriate and many people (i.e. nonconsequentialists) would also argue that the means required to effect X must also be acceptable in themselves. Most people are likely to accept that human-to-human transplants fulfil a need in that such transplants manifestly lead to many people each living for several to many more years of life, typically with a significantly enhanced quality of life too. It is difficult for anyone who has even watched a television programme about transplantation, let alone known someone who has benefited from one, to argue that human-to-human transplants aren't needed.
Nevertheless, it would, in principle, be possible for someone to argue that it would be a better world if (a) more people accepted that their lives should not be prolonged by human-to-human transplants; (b) the money spent on the procedures was put to better use elsewhere -whether within the medical services or, for instance, by employing more academics with a specialism in philosophy. However, even someone arguing thus would, I suspect, be hard pushed to maintain that human-to-human transplants should be forbidden by law. Even most vegetarians, in my experience, don't argue for all meat-eating to be outlawed. It should, though, be noted that there are some strong cultural differences between countries with regard to the acceptability of humanto-human transplants. In Japan, for example, heart transplants are virtually unheard of because death is only understood to have occurred once the heart stops beating. Such hearts cannot be used in transplants.
However, even if it is accepted that there is a need for human-to-human transplants, this is not to imply that there is necessarily a need for xenotransplantation. For one thing, it is very possible that, at least in the early stages of 'treatments' with xenotransplants, patient survival will be significantly lower when compared with human-to-human transplants. A cost-benefit analysis (for those who accept that cost-benefit analyses are the appropriate way to decide such ethical problems) might weigh against these xenotransplants. A separate point is that perhaps societies are wrong to ban the sale of human organs for transplants. Indeed, don't I have a duty to provide one of my two healthy kidneys for someone who has none? 8
More prosaically, better health education might lead to less of a demand for hearts and other organs. Further, if only more of us carried donor cards and gave permission for our dead relatives' organs to be used in transplants the need for xenotransplants to meet the shortfall would be reduced. In addition, though it is still too early to be sure that they will ever have a widespread practical utility, significant advances are being made in artificial (metal and plastic) organs. Finally, advances in tissue culture, cloning and stem cell research hold out the hope that at least some human organs may be grown from a patient's own tissues. One advantage, should this ever become possible, is that there should be few or no rejection problems.
Welfare considerations
Practically everyone agrees that welfare considerations need to be taken into account when deciding whether, and if so how, sentient animals such as pigs should be used for human ends. Suffering involves susceptibility to pain and an awareness of being, having been or being about to be in pain. 9 Pain here is used in its widest sense and includes stress, discomfort, distress, anxiety and fear. As every biologist knows, it is difficult to argue against the contention that vertebrates, and probably certain invertebrates such as octopuses, can experience pain. 10 The extent to which animals are aware of their pain is more open to question. but there is increasing acceptance that certain of our closest evolutionary relatives have the requisite degree of self-consciousness. A growing number of biologists and philosophers accept that, at the very least, most mammals can suffer.
11
So would xenotransplantation lead to significant amounts of non-human animal suffering? Consider, first of all, the pigs that would be used. Companies involved in research on xenotransplantation maintain that their pigs are extremely well looked after. Indeed, in the UK, the pigs (both those which have been genetically engineered and those which have not) used in the research are, in my view, looked after better than are pigs on many pig farms. Imutran, for example, uses what is widely agreed to be a high quality animal welfare system (the Nurtinger system) to house its pigs. 12 This comprises a warm, insulated bed and a cooler area for loafing, feeding and drinking. It gives pigs a choice of environment and temperature and provides for social contact.
However, there is more to the welfare of the pigs than their housing. 13 For a start, the pigs are subjected to a number of surgical procedures. Laparatomies (to flush out eggs) are performed under general anaesthetic because of the convoluted nature of the uterine horns in the pig. In addition, if and when clinical trials begin, it seems likely that some so-called 'gnotobiotic' (germfree) animals will be needed. Such animals would be obtained by what is sometimes euphemistically called 'surgical derivation'. This means that shortly before birth, the entire uterus with the piglets would be removed (surgical hysterectomy) from the mother. The piglets would then be raised in isolation and in sterile conditions. The current UK draft code of practice for the housing and care of pigs intended for use as xenotransplant source animals states:
Due to the high welfare costs to the animals, in terms of being raised in a barren environment with little or no social contact, source animals must not be reared beyond four weeks of age in an isolator.
14 Further, it is not only pig welfare that needs to be considered. Current research aimed at improving the success of xenotransplants has meant that many hundreds, possibly thousands, of primates (captive-bred cynomolgus monkeys and wild-caught baboons) have already been used in surgical operations. While many of these operations are deemed a research 'success', this, of course, is to view the procedure from the perspective of the surgeons and scientists involved (and perhaps, ultimately, the patients and shareholders who may benefit). From the point of view of the non-human primates, every such operation leads to considerable pain and a dramatic shortening of lifespan.
It is difficult to be sure but, on balance, my prediction would be that while xenotransplantation raises significant animal welfare issues, these are unlikely to be perceived by regulators or, indeed, by most people, to be sufficient for xenotransplantation to be outlawed on these grounds. However, there are other issues to consider in addition to human safety and animal welfare. 
Changing the nature of animals
Let us assume that xenotransplantation will require genetically engineering pigs through the insertion into pig DNA of one or more human genes. Manifestly this involves changing the 'nature' of the pigs in at least some sense. Is this acceptable? Imutran has argued that 'This involves changing only 0.001% of the genetic make-up of the pig'. 15 To some, though, the actual percentage of change is not of prime importance. If I am unfaithful to my spouse on only 0.5% of nights, is this ten times better than if I am unfaithful on 5% of nights?
A frequent cry against genetic engineering of any sort is that 'It's unnatural'. However, this objection is difficult to defend. After all, what is 'natural'? In everyday language smallpox, earthquakes and death are natural whereas vaccines, laptops and foreign holidays aren't. In other words, there doesn't seem to be much of a relationship between what is 'natural' and what is good.
Nevertheless, the 'It's unnatural' argument can be defended in a number of ways. For a start, a number of religions argue that, at least to some extent and in some sense, nature is good. In the Jewish and Christian traditions, the understanding is that on the sixth day 'God saw everything that he had made, and behold, it was very good'. 16 Death and decay entered the world through sin, but even after the Fall sufficient of God's goodness is manifest in the creation for much that is natural to be good. Around this notion there has built up an entire theology of natural law.
Nor is it only within religions that nature has been seen as an indicator of goodness. Even Nietzsche at times suggested this while Heidegger criticised technology in that instead of allowing our purposes to find creative expression through the qualities of objects themselves we design things to suit our purposes. 17 To this day there is a considerable body of opinion holding that 'natural' practices are desirable in such separate activities as education (Rousseau onwards), child nutrition (e.g. 'breast is best'), agriculture (organic farming), food (artificial flavourings) and medicine (traditional medicines).
Aside from psychological reasons for the success of appeals to nature, one great advantage of nature is that it has been around for quite a while. Consciously or otherwise the thought may be 'Our ancestors successfully brought up their children, farmed and prepared their food in these ways so traditional approaches must be OK'. After all, and quite logically, one cannot be sure about the long-term consequences of any new technology (including genetic engineering), only of practices that have been around for a considerable time and so are now considered 'natural'.
However, to what extent does the genetic engineering in question in this particular technology really change the nature of pigs? From the pigs' point(s) of view, it can be argued 'not at all'. As considered above, the practicalities of genetic engineering have significant welfare implications but it seems difficult to argue from a pig's perspective that the genetic engineering itself has changed its nature. The pig's behaviour is no different; its mental capacities and experiences are unchanged. The only difference is that it produces an extra internal protein. Traditional breeding, on the other hand, has resulted in very significant changes to the natures of farm animals (increased tolerance of high stocking densities, increased tractability, massive changes in milk, wool and meat production, etc.).
Religious considerations
Most religious writers are cautious about genetic engineering with some objecting to it outright on the grounds that it is tantamount to 'playing God'. Interestingly, though, some theologians have argued that part of what it is to be human is to accept our God-given creativity and use it wisely. 18 This would mean that genetic engineering, per se, is no more inadmissible than any other technology. Rather it should be judged by its fruits, by the way it is undertaken and by the intentions of those who undertake it.
At the same time, there have been significant movements within Judaism, Christianity and Islam in recent decades serving, as it were, to give greater voice to the perspectives of non-human animals. 19 After all, the Hebrew scriptures include a number of instructions relating to nonhuman animal welfare, with some of the Wisdom writings arguing that non-human animals have a purpose beyond that of human benefit.
Other religions have longer established or stronger teachings about the need for human duties towards non-human animals. In Buddhism, for example, there is a prohibition on the taking of animal life, while according to the Isa Upanishad, in the Hindu scriptures, the Earth does not belong to humanity. In Jainism, the concern for ahisma (non-injury) goes hand-in-hand with an insistence on a vegetarian diet. Lay members are encouraged to engage only in occupations that minimise the loss of life while it is the monastic practice to carry a small broom with which gently to remove any living creature before one sits or lies down.
Animal rights, respect, telos, genetic integrity and intrinsic value As has been very widely discussed, moral philosophers disagree as to whether even humans have rights.
20 [20] . Even if we do, it has been maintained, by many philosophers from Kant onwards, that non-humans have no rights. On the other hand, it has been argued, on grounds that derive from Rawls' veil of ignorance, that even contractarianism can allow non-rational, but sentient, agents to possess moral status and have rights. 21 Obviously those who believe that non-human animals have rights are likely to argue that xenotransplantation is ethically wrong.
A different approach is to ask whether xenotransplantation and the attendant research is disrespectful to pigs and the primates used in the research. It seems difficult to answer 'no'. After all, the pigs and primates are being used instrumentally as means to ends with many of their normal behaviours and 'intentions' thwarted. However, it could be argued that their lives are still worth living and that most of them would not even have lives were the research not being undertaken (the 'eating bacon is good for pigs' argument).
Other ethical frameworks put at centre stage the telos of animals (their ends in an Aristotelian sense), their genetic integrity or their intrinsic value (the worth organisms have in themselves, irrespective of their usefulness for humans). 22 To consider each of these frameworks adequately would require a paper in itself. Suffice it to say that as yet no agreement exists as to the validity of any of them. To some extent, it may be that it is precisely because of the plethora of non-consequentialist frameworks which have been proposed that utilitarianism remains the dominant framework within which many of the regulations concerned with our use of animals are framed.
Changing the nature of humans
A further argument against xenotransplantation would be to maintain that in some way the practice changes human nature, that it breaks down the barrier(s) between ourselves and other species. From a purely ethical perspective this objection is difficult to substantiate. After all, our status as moral subjects is not dependent, surely, on the origin of our hearts or other internal organs. To suppose otherwise would be to commit the genetic fallacy in both its classical and current senses. Further, many evolutionary biologists and certain philosophers would welcome the breaching of what is often felt as too rigid a barrier between ourselves and other animals. 23 Nevertheless, the argument has psychological appeal and deserves serious consideration for this reason. To take an extreme instance, one could imagine -and the 1973 film O Lucky Man! did so imagine -a scenario in which a whole pig body (minus the head) is transplanted onto a human head. 24 Would we be in favour of such a practice? My supposition is that most people would find such a procedure abhorrent. Now such 'arguments from disgust', as we might term them, cannot simply be accepted at face value; after all many people in previous generations found the notion of female doctors disgusting while many people today recoil from the idea of same-sex sexual relationships. Nevertheless, such arguments deserve serious consideration, if only because they are widely held. Indeed, I am surprised that, to my knowledge, no-one has yet cited the New Testament verse 'For not all flesh is alike, but there is one kind for men, another for animals, another for birds, and another for fish' in support of the notion that xenotransplantation -indeed, genetic engineering more generally -is wrong on the grounds that it blurs the distinction between humans and non-humans. 25 
